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XXIII. A DiJJertation on the Nature of Eva- 
poration and fever al Phcenomena of Air, 
Water t ^^<i boiling Liquors : In a Let- 
ter to the Rev, Charles Dodgfon, D. D. 
F. R. S, from the Rev. Hugh Hamilton, 
D. Z). F, R. S. Profejfor of Natural 
Philofophy in the Umuerfity of Dublin. 

Dear Sir} 

Read May i6, Y Here fend you, according to promiie, 
'" ^' j|_ my thoughts on the nature of eva- 
poration, the afcent of watery vapours, and fame 
other phjenomena of the atmofphere, in explaining 
which I have employed a principle that, as far as I 
can find, is different from what has been hitherto ufed 
on this occafion, hoping thereby to avoid thofe objec- 
ions, which fomc late writers have made to the former 
accounts, that have been given us of thefe phasnome- 
na. For in all the accounts I have met with, fire or 
heat, and rarefa<flion, by which watery vapours are 
fuppofed to become fpecifically lighter than air, are 
made to be the principal, if not, the only caufes of 
their afcent into the atmofphere. Doftor Nieuwentyt, 
and fome others, fuppofed that the particles of fire, by 
adhering to thofe of water, make up moleculae, or 
fmall bodies, ipecifically lighter than air. And Dr. 
Halley thought, that by the adlion of heat, the par- 
ticles of water are formed into hollow fpherules filled 
with a finer air highly rarefied, fo as to become fpe- 
cifically lighter than thiC external air. This laft 
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was the opinion moft commonly received, as Dodor 
Defaguliers tells us in his differtation on this fub- 
je<ft, publifhed, in the Philofophical Tranfaftions, in 
the year 1729, in which he examines and refutes 
thefe two former opinions, and endeavours to eftablifli 
his own. He afcribes the afcent of aqueous vapours 
to their being turned into an elaftic fteam, and al- 
ways rarefied more than the air is, by the degrees 
of heat, to which bodies are ufually fubjedt in the 
different feafons of the year. 

This opinion, I find, has been as ill received by 
fubfequent writers as the former ones. Mr. Clare, 
in his Treatife on the Motion of Fluids, has brought 
many objedions againft it j as Mr. Rowning has 
alfo done in his Syftem of Natural Philofophy not 
long fince publiftied; who fays, that the caufe of 
the afcent of vapours has been much difputed, but 
not yet fettled, by philofophers, and owns that he 
cannot think of any true principle of philofophy, 
upon which it may be accounted for. 

I fliall not now repeat the objeftions made by 
thofe gentlemen j but muft beg leave to add only 
the two following; which, among many others 
that might ftill be urged, they have not taken 
notice of. 

Firft ; If heat was the only caufe of evaporation, 
water in a clofc warm room would evaporate fafter 
than when expofed in a colder place where there is 
a conftant current of air j which is contrary to ex- 
perience. 

Secondly ; The evaporation of water is fo far 
from depending upon its being rarefied by heat, that 
it is carried on even whilft water is condenfed by the 
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coldnefs of the air -, for water Is gradually con- 
denfed by cold till the moment it freezes, and fince 
it evaporates even when frozen into hard ice, it 
muft alfo evaporate in all the lefler degrees of cold. 
Now Mr. Boyle having counterpoifed a piece of ice 
in a fcale, hung it out in afrofty night, and found next 
morning that it had loft confiderably of its weight by 
evaporation. " Who (fays he) would have thought 
that fo extremely hard and cold a body would evapo- 
rate fo faft in the clear air of a freezing night ?" And 
fince that time others have obferved the fame thing; 
which fadt feems to be an unanfwerable objection to all 
the accounts in which rarefadtion by heat is made to be 
the chief, if not the only caufe of evaporation j and, 
therefore, we muft have recourfe to fome other 
principle to affift us in accounting for this phasno- 
menon. 

As the author of nature does not employ in his 
works a greater variety of caufes than is abfolutely 
neceffary ; it is the bufinefs of natural philofophy to 
reduce as many phaenomena as may be to fome ge- 
neral well known caufe j and this is to be done by 
comparing the phaenomena together in their feveral 
circumftances, in which, if they are found to agree, 
they are then to be confidered as effedts of the fame 
kind, and afcribed to the fame caufe. By which means 
the caufes, whofe exiftence is already proved, will 
be rendered more general, and our knowledge more 
extenfive. Now as the fufpenfion of the particles 
of water in air, of fait in the waters of the ocean, 
and of other heavy bodies in the fluids that diflblve 
them, feem to be phasnomena of the fame kind, 
we might reafonably luppofe that they arife from 
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the fame caufe ; and that what we c«ll evapora- 
tion is no more than a gradual folutiOn of water in 
air. But that I may not propofe this mcerly as an 
hypothefis, I fliall endeavour to prove the truth 
of it, by confidcring the nature of folution in ge- 
neral, and comparing its properties and effedls 
with thole of evaporation. By folution we un- 
derftand, llie uniting Jo intimately the particles of a 
body nvith thofe of a fluid, that the ivbole Jhall appear 
an homogeneous mafs, as tranj^arent as the fluid was he^ 
fore Juch union, and fliall Jo continue tillfome external 
caufe produces a change. The nature of folution has 
been explained by the writers on chymiftry in this 
manner. When the particles of any body furrounded 
by a fluid are lefs ftrongly attrafted by each other 
than by the fluid, they feparate from each other, and 
join themfelves to thofe of the fluid, and remain 
fufpended therein. 

Thus various falts are diflblved in water, effential 
oyls are diflblved in fpirits of wine, gold in aqua 
regia, mercury, filver, and other metals, in other 
acid Ipirits. 

And indeed it feems to be with great appearance 
of reafon, that the attraction between the minute par- 
ticles of bodies (of which we have fo many other 
infl:ances) is afligned as the caufe of that union be- 
tween them, which we experience in folutions. 
The chief properties of which I fliall now mention, 
fo far as may be neceflary for the purpofe to which 
I mean to apply them. 

In mofl: cafes a diflTolving fluid, or menftruum, as 
the chymifls call it, will dilfolve or take up only a 
certain proportion of the body immerfedj and if 
then any tnore of the fame body be added, it will 
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precipitate or fall to the bottom, and then the fluid 
is faid to be faturated with the body it has diflblved j 
yet a fluid, which is faturated with one b6dy, may 
afterwards diflblve others of different kinds, and keep 
all their particles fufpended together. 

When any menftruum has entirely diflblved a body, 
it will continue as tranfparent as it was before. The 
caufe of which may be afligned from what Sir Ifaac 
Newton difcovered by experiments j that the parti- 
cles of bodies muft be of a certain fize, or bignefs, 
to caufe any reflection or refradion of the rays of 
light at their furfaces. From whence he gives the 
reafon why fome bodies are opake, and others 
tranfparent; and he alfo obferves, that the moft 
opake bodies, fuch as metals, being diflblved in an 
acid menftruum, and thereby reduced to their ulti- 
mate and fmalleft particles, do not take away the 
tranfparency of the menfliruum. 

Hence we may always know how to diftinguifli a 
folution from a mixture j for if a body be reduced 
to powder, and thrown into a fluid that will diflTolve 
it, and they are then fhaken fuddenly together, the 
fluid will continue fomewhat opake till the folution 
be efi*edled, or till what remains undiflblved falls to 
the bottom. For in this cafe the particles are not at 
firfl: reduced to their fmallefl: fize, as they are always 
in a folution. I think, therefore, we may confider 
the tranfparency of an heterogeneous fluid (or one 
that contains in it particles of another body) as the 
criterion of a true folution, and where that is want- 
ing, it is only a mixture, as when water and air ap- 
pear together in froth, or in a cloud, or a thick mift, 
it is only a mixture of thofe bodies, and not a folution 
of either. 

This 
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Thu s much being premifed of the nature of folutlons 
in general ; I proceed to the proof of what 1 propofed ; 
and in order to this, I fljall firft fhew, that there is a 
mutual attradlion between water and air, the fame that 
we oblerve between the particles of any two bodies, one 
of which diflblves the other. I fh^ll then compare, 
in feveral inftances, the properties and effedts of com- 
mon folutions, with thofe of evaporation, that, from 
the exadl refemblance between thefe two phaeno- 
mena, it may appear that they are natural ope- 
rations, or cfFedts of a like kind, and therefore to be 
e^icplained upon the fame principle, or afcribed to 
the fame caufe. From thence I fhall fhew how 
the afcent of vapours, and feveral other phasnome- 
na of the atmofphere, may be accounted for. And 
laftly, I fhall add fomething on the rifing of fleam 
from boiling liquors, and fhew wherein it differs 
from common evaporation. 

I am firfl to prove, that there is really an attrac- 
tive force between the particles of air and water. It 
is well known that all waters contain a confiderable 
quantity of air that retains its elaflicity, by means of 
which it may be feparated from the water by boiling, 
and including it in an exhaufled receiver. And Dr. 
Boerhaave, in his Elements of Chymiflry, has Ihewn, 
by an elegant experiment, that air extricated from 
water by boiling, and refiored to its common flate, 
will occupy a fpace greater than that pofTefTed by the 
water in vi^hich it was contained. Now fince it is 
allowed, that the particles of fo heavy a body as gold 
are fufpended in aqua regia by their attraction to- 
wards the particles of that fluid, it feems reafon- 
able to fuppofe, that fo light and elaflic a body as 
air mufl be retained under water by a like force, with- 
3 out 
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out which it would always afcend to the Cuthct, and 
efcape. But that there is really fuch an attraftive 
force between air and water, the learned and inge- 
nious gentleman laft mentioned has fully proved by 
the following experiment. 

Let an oil flaik be filled almoft full with water, 
deprived of its air as much as may be, let the mouth 
of it be then flopped until the neck be immerfed in 
a veflel of water, a bubble of air will then afcend 
into the upper part of the flalk. When things have 
flood in this way for fome days, the water will be 
found to have abforbed the whole bubble of air (if 
it was not too Mrge) and intlrely filled the fiafk j \mt 
if the bubble was too large, part of it will be left, 
for the water after fome time will abforb ni> more 
air, being then fufficiently faturated with it. It is 
obfervable t.hat a part of the included air enters pretty 
quickly into the water at firft, but what remains af- 
terwards makes its way in but very flowly. This ex- 
periment fhews that water, when deprived of its air, 
will again draw the air gradually into its pores, juft 
in the fame manner that a lump of dry fugar will 
draw up water into its pores, which will afcend pretty 
quickly at firft, but very flowly after fome time. 
We have reafon, therefore, to conclude that there is 
the fame kind of attradion between air and Water, 
that there is between water and any diy porous body 
that will imbibe it. 

As water contains a confiderable quantity of air, 
fo does air contain a good deal of water, even when 
we think it quite pure and dry, as appears from the 
moifture drawn from it by dry fait of tartar, in fuch 
quantity as to make the fait become intirely fluid. 

Now 



[ 153 ] 

Nowfincethe air is an heterogeneous fluid, containing 
in it particles of another body, and yet retaining a 
perfed tranfparency, which is the criterion of a true 
foiution in other cafes, why (hould we not infer from 
analogy, that in this cafe alfo it indicates a true foiution 
of water in air? elpecially when we confider that 
there are hardly any two fluids that may not, by 
themfelves, or by the means of fome third body, be 
fo thoroughly incorporated, that one of them may 
be properly faid to be diflblved in the other. But 
the truth of this will be further confirmed, by com- 
paring the properties of common folutions with thofe 
of evaporation j which I fhall now do in feveral 
inflances. 

Firft } when a body is immerfed in a fluid that 
diflTolves it j for inftance, a lump of fait in water ; we 
fee the fait foon begin to diflblve and impregnate with 
its particles the water that furrounds it, which will 
then appear thick and loaded j and if the water be 
at refl, the foiution will proceed very flowly ; but if it 
be flirred about, the fait will foon be intirel'y diflblved. 
How exa«ftly does this correfpond with what Dr. 
Halley remarked in an experiment made on the eva- 
poration of water in a clofe room ? Phil. Tranf. 
N° 192. •' The fame obfervations (fays he) do 
" like wife fhew an odd quality in the vapours of wa- 
*« ter, which is that of adhering to the furface that 
*' exhales them, which they clothe, as it were, 
" with a fleece of vapourous air, which once in- 
S vefliing it, the vapour rifes afterwards in much lefs 
^' quantity." Here we fee, that the air, which lay 
at refl: over the water, appeared thick, and loaded 
with aqueous particles j and then the evaporation 
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proceedecl very flowly, juft as the water that lies 
about the fait appears thick and loaded, and while 
it continues at reft, the fait is difJblved very flowly. 
He alfo obferves on the fame occafion that evapo- 
ration is vaftly promoted by a current of frefh air 
paflihg over the exhaling furfacej and this I have 
no doubt happens for the fame reafon that folution is 
greatly, promoted by agitation, which continually 
brings fre/h particles of the fluid; into contadt with 
the body, it diflblves, in the place of thofe that have 
been already faturated* 

Secondly ; into a glafs of clear cold water throw 
a lump of any kind of fait which is foluble in it, 
and when it has ftood a little time, fhake the glafs, 
OP ftir the water gently with a wire,, and the water 
which is faturated with the fait will rife up among 
the refl of the water in. curled wreaths, or long ftriae, 
which will render the water fomewhat opake, 
eaufing it to refra<3; in different diredions the light 
of an objedfc feen through it, and it will make the 
objedl; appear to have a tremulous motion, and this 
will continue until all parts of the water are equally 
impregnated with the fait, and then its tranfparency 
will be reftored. As the parts of the water, which 
are impregnated with the lalt, are of different den- 
jfities from the reft, while they are mixing together 
they muft occafion thofe refradions, and this appa- 
rent tremulous motion, which will ceafe as foon as all 
the water becomes of the fame denfity. The very 
fame appearances will attend the mixing together of 
any. two fluids of different denfities, and wich will 
thoroughly incorporate with each other. 

In 
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In like manner when fmoak or fteam iflliing from 
the pipe of a boiling velTel firft rifes into the air, it 
appears in curled wreaths, and renders the air opake, 
but as fbon as it is intirely difperfed, the tranfparency 
is reftored. Thus alfo in a cahn hot fun-(hine day, 
when we look along a moift piece of ground, the 
air, and any objedt feen through it, appears to have a 
tremulous motion like that which we obferve in an 
objedt feen through any two fluids that are mixing 
together. 

Now as the vapours rife here in great abundance, 
and the air has but little motion, thofe parts of it 
that are much impregnated with the aqueous parti- 
cles are mixed gradually with the air that is drier 
and of a different denfity, which will occafion re- 
frafiions of the light, and that apparent tremulous 
motion juft now mentioned. And in this cafe the 
folution of water in air (if I may yet call it fo) is 
carried on in a manner vifible to the eye, as it is in 
other fluids. The fame tremulous undulating mo- 
tion is more obfervable when we look in warm wea- 
ther through a telefcope, which magnifies the va- 
pours floating in the air j and from this kind of re- 
fraftion the twinkling of the ftars feeras to arife, 
with this difference only, that the watery rei5"a6ting 
particles in the day time are pafling into a ftate of 
folution, whereas the vapours already diflblved are, by 
the cold of the night, beginning to precipitate and 
return Into particles large enough to caufe refradions 
in the light of the ftars. 

Thirdly j Heat promotes, and cold in Ibme mea- 
fure flops, or checks, both folution and evaporation ; 
very hot water will diflblve fait fooner, and in a greater 
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quantity than cold water j and if a ftrong folution of 
l-^lt be made in hot water, the water, when cold, will 
let go fome of the fait before difTolved, which will 
fail to the bottom in fmall particles, or (hoot into 
cryflals. Juft fo will water evaporate fafter in warm 
than in cold air j and the aqueous vapours, fufpended 
in the air during the heat of the day, fall down at 
night, and form themfelves into drops of dew ; or^ if 
the night be very cold, appear next morning in a 
hoar-frofl. And thus, if in a hot day, a bottle be 
filled with any very cold liquor, and expofed to the 
air, which to us feems very dry, a dew will be foon 
formed on the outfide of the bottle ; for the air about 
it, becoming cold, will let go part of its moifture, 
which will be attradted to the furface of the glafs. 
And, for the fame reafon, a dew is formed on the 
infide of the windows of a warm room, which on 
their outfide are expofed to the cold air. , And hence 
we may obferve, that, as there cannot be fo conti- 
nual and copious an evaporation in cold weather, the 
air will then be generally clearer than it is in hot 
weather. 

Heat feems to promote folution, becaufe it expands 
bodies, and thereby enlarges their pores, and lefiens 
the cohefive attradion of their particles, fo that a 
body when hot will more eafily admit a difixjlving 
riuld into its pores, and its particles not cohering to- 
gether fo ftrongly, as when cold, will more readily 
quit each other, and unite themfelves to the particles 
of the fluid by which they are attracted j and for the 
fame reafon heat will alfo promote the evaporation of 
"fluids. 

But 
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But fourthly j The quantity of a body dillblved, 
and of a fluid evaporated, in a given time, depends 
(ceteris paribus) on its quantity of furface. Thus a 
body reduced to powder is fooner diflblved than 
when it is in a folid form. And thus fmoak, or 
fteam, which is water, reduced to very fmall parti- 
cles by heat, is much fooner difperfed, and incorpo- 
rated with air, than water in its ufual form. 

Fifthly J Chymifts obferve, that when fea fait, fal 
ammoniac, or nitre, is diflblved in water, or cflen- 
tial oyls in fpirit of wine, fome degree of cold is 
produced in the immediate a<St of folution ; and the 
quicker the folution, the greater is the cold. And 
by diflblving pounded ice, or rather fnow, (wliofe 
particles have a greater furface) in fpirit of nitre, a 
degree of cold has been produced fo great as to freeze 
quick-filver. Cold is likewife produced in the a<fl 
of evaporation ; for if fpirit of wine, or aether, 
having the fame temperature with the air, be rubbed 
lightly with a feather over the ball of a thermome- 
ter, it will fink as the fpirits evaporate, and the 
quicker they evaporate, the fafter will the thermo- 
meter fink. And the fame thing will happen if 
water be ufed inftead of fpirits, provided its evapo- 
ration be promoted by a ftrong current of air. And 
thus have I feen ice produced mcerly by repeated 
evaporations of aether. 

This laft obfervation fhews a very remarkable 
agreement between the natures of folution and eva- 
poration; How the cold is produced in either cafe 
I cannot preteffd to fay 5 but I muft beg leave jo (I 
to apply this fadl to account for a thing vvhjch I 
believe moft people have taken notice of. 
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If we rub Hungary water, or any other volatile 
fpirit, over our hand, it will feel much colder than 
water, though they be both of the fame tempera- 
ture, and will both feel equally cold if we dip our 
finger into each. The reafon of which is, that the 
ipirit evaporating much quicker than the water, pro- 
duces thereby a greater degree of cold ; and fo 
sether, if it be applied in the fame way, will feel 
colder than any other /pirit on account of its more 
fudden evaporation. 

Sixthly } It is known that redified fpirit of wine, 
when well purged of air, will imbibe a large bub- 
ble of air, in a much fhorter time, than water will 
do } and I have myfelf experienced the truth of this, 
which fliews that there is a ftronger attra<Slion or 
affinity, as the chymifts call it, between fpirit of 
wine and air, than between water and air } and fince 
the fpirit evaporates much fafter than the water, I 
think we may conclude from hence, that the eva- 
poration of fluids arifes from an attradive force be- 
tween their particles and thofe of air *. 

* As water and fpirit of wine, are in no degree vifcid, they 
may evaporate in propertion to the attraction between them and 
air. But the cafe is very difFerent in fuch fluids as are vifcid ; 
for though I found that oil of olives, when purged of air, will 
imbibe a bubble of air almoft as foon as water does, yet the 
evaporation of the oil is hardly (if at all) fenfible in a very long 
time. The reafon of which muft be, that the attradion be- 
tween air and the oil, is not able to overcome the tenacity of 
its particles, and feparate them from each other, though it is 
Sufficient to draw into the oil particles of air, which have no 
attradion to each other, juft as a fponge draws in water, with- 
out having its particles feparated by the attraction of the 
.water. 

Seventhly ; 
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Seventhly ; If into any menflruum we throw a 
body, which it diflblves, and afterwards add another, 
(to which the menflruum has a greater affinity than 
it has to the firft, it will diflblve the fecond body, 
and let go the firft, which will be precipitated and 
fall to the bottom. In like manner, if to well rec- 
tified fpirit of wine, we add an equal quantity of 
clear rain, or river water, thefe fluids (which incor- 
porate fo readily) having a greater affinity to each 
other than to the air they contain, will let go a 
great part of the air, which will rife to the top, or 
Sick in fmall hubbies to the bottom and fides of the 
veflTel ; from whence I infer, that air is contained in 
thefe fluids in the fame manner that the particles of a 
body are contained in a menftruum that diflblves it; 
and, therefore, thatthe air imbibed by thefefluids,is pro- 
perly fpeaking, diflblvcd in them, and confequently 
that any fluid which evaporates, or is imbibed by the 
air, is alfo, properly fpeaking, diflblved in air. And 
upon this principle we may fay, that water is drawn 
out of the air, by dry fait of tartar, from its having 
a greater affinity to that fait than to the air. 

1 (hould not have been fo tedious in comparing 
together the natures of folution and evaporation, in 
fo many inftances, but that it gave me an opportu- 
nity, at the fame time, of explaining fome of the 
phenomena that I at firft intended to confider; 
which explanations, I believe, will be admitted, if 
I am right in the mean point, I have endeavoured 
to prove. And really when we confider how exad:Iy 
folution and evaporation agree in their feveral ap- 
pearances, properties, and efFefts, I think we may 
be convinced that they are natural operations of 
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the fame kind, and that what we call evaporation is 
nothing more than a gradual folution of water in 
air, produced and promoted by the fame means (to 
wit) attradion, heat, and motion, by which other 
folutions are efFedled. 

I fliall now endeavour to account for feveral phae- 
nomena of the atmofphere upon this principle, which 
will be ftill further confirmed, if it be found to 
anfwer the purpofe to which it is applied. 

The loweft part of the air being preffed by the 
weight of the atmofphere againft the furface of the 
water, and continually rubbing upon it by its motion, 
has thereby an opportunity of attradling and diflblv- 
ing thofe particles with which it is in contaft, and 
feparating them from the reft of the water. And 
fince the caufe of folution, in this cafe, is the ftronger 
attradtion of the particles of water towards air, than 
towards each other, thofe that are already diflblved, 
and taken up, will be ftill further raifed by the at- 
tradion of the dry air that lies over them, and thus will 
diffufe themfelves, rifing gradually higher and higher, 
and thereby leave the loweft air not fo much fatu- 
rated, but that it will ftill be able to difTolve, and 
take up frefli particles of water. And thus ice, or 
fnow, will evaporate as well as water, its particles 
being attraded and diflblved by the air, which is 
ilrongly prefled againft its furface, for though heat 
promotes both folution and evaporation, yet we do 
not find that in either cafe any fenfible degree of it 
is abfolutely necefiTary *. 

* Water, by freezing, is deprived of its air, which we fee 
gathered into bubbles through the ice, therefore the fubftance 
of the ice, being deprived of air, will attraft the external air 
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In this manner will aqueous vapours afcend flowly 
into the atmofphere, even when we fuppofe the air 
almofi: at reft, for I believe it is never perfe«9:Iy fo: 
but the folution of water in air, and the afcent of 
vapours, is greatly promoted by the motion of the 
winds, which bring frefh and drier air into the place 
of that which may be already faturated and loaded 
with moifture, carrying it together with its moifturc 
into the higher parts of the atmofphere, and difperfmg 
it into all quarters. If we (hould now fuppofe the at- 
mofphere to remain always of the fame temperature 
as to heat and cold, and to have always the 
fame denfity; when it was once faturated with 
water, all evaporation would ceafe, and the va- 
pours already raifed would always remain fufpend- 
ed ; for a fluid, while it continues of the fame tem- 
perature and denfity, will never let go the particles 
of a body that it has difTolved. We muft, there- 
fore, confider what are the caufes which occafion 
the air fometimes to part with the water it has dif- 
folved, and which thereby keep up a continual cir- 
culation of vapours. And thefe I fhall (hew to be 
the frequent viciffitudes of heat and cold, conden- 
fation, and rarefadlion, to which the atmoi^here is 
fubjed:. 

As to the effedls of heat and cold, I have already 
fhewn that the former promotes, and the lattw checks, 
or in fome meafure hinders evaporation, as well as 

more ftrongty than common water does, which is faturated with 
air. And, on this account, I fhould think it probable that ice, 
notwithftanding its hardncfs, will evaporate as faft as common 
water. 
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other fohitiotw ; of which I gave an Inffance in the 
vapours that are fbfpcnded in the heat of the day, 
and by the cold of the night are precipitated, and 
fuffered to coalefce into drops of dew^. From the 
fnow that lies fo long on the tops of mountains, and 
from the experience of thofe who have pafled over 
them, we find that the higher parts of the atmofphere 
are much colder than the lower. Now, though 
vapours are firft raifed, and abound moft in the lower 
parts of the atmofphere, yet they cannot there form 
themfelves into clouds, becaufe the heat that helped 
to diiTolve them helps alfo to keep them diffolved. 
But when they are carried by the winds into the 
higher parts, where the fame heat is wanting, the 
cold air will not be able to keep diflblved all that 
are carried up, but muft fuffcr fome of them to 
coalefce into fmall particles, which flightly attrading 
each other, and being intermixed with air, will form 
clouds, having the very fame appearance with fleam, 
or fnioak, which alfo confifts of fmall particles of 
wateri mixed with air, and not yet difB)lved in it. 
Thefe clouds, when firft formed, will remain fuf- 
pended, though they confift of water as well as air, 
becaufe the weight of their particles will not be able 
to overcome the refiftance they muft meet with in de- 
fcending through the air. For when bodies are di- 
Hiiniftied, their quantities of matter, to which their 
weights are proportional, decreafe fafter, or in a 
greater ratio, than their furfaces, to which the re- 
^ftance they meet with is proportional j and, there- 
fore, in very fmall particles, this refiftance may be- 
come greater than their weight. The different heights 
at which clouds are formed, depend on the quan- 
tity 
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thy of vapours carried up, and the degrees of heat 
in the upper parts of the atmofphere ; for the vapours 
will always afcend, till they meet with air fo cold, or 
fo thin, that it is not able to keep diflblved all that 
comes up } hence clouds are generally higher in 
fummer than in winter. When clouds are much 
increafed by a continued addition of vapours, and 
their particles are driven clofe together by the force 
of the winds, they will run into drops heavy enough 
to fall down in rain ; fometimes the clouds arc fro- 
zen before their particles are gathered into drops, and 
then fmall pieces of them, being condenfed and 
made heavier by the cold, fall down in thin flakes 
oi fnow, which appear to be fragments of a frozen 
cloud. But if the particles be formed into drops 
before they are frozen, they fall down in hail-Jlones. 

When the air is replete with vapours, and a cold 
breeze fprings up, which it often does from the fea, 
the folution of thefe vapours is checked, and clouds 
are formed in the lower parts of the atmofphere, and 
compofe what we call a mijl or fog. This generally 
happens in a cold morning j but when the fun has 
been up for fome time, the warm air again difTolves 
thole watery particles, and it frequently clears up. 

In a hot fummer 's day, the air lying over wet 
marfhy ground, is copioufly faturated with aqueous 
Vapours; but the air growing cooler after fun-fet, 
will not be able to keep all thofe vapours diflblved, 
but muft let fome part of them coalefce into very 
fmall vifible particles, that form thofe mijis, which 
appear to rife from marfhy grounds in a fummer's 
evening. The vapours near the ground, being more 
denfe and copious, will be firft afteded by the cold, 
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and afterwards thofe that are thinner and higher up, 
ib that the mifl will be low at firft, but will increafe 
in height afterwards ; but befides, thefe grounds, and 
the water they contain, will acquire fuch a heat from 
the fun> that they may retain it for fome time, and 
communicate it to the contiguous air, fo that the va- 
pours may continue to rife for fome time after fun- 
kt, and will become vifible when they get up a little 
way in the cooler air. Thofe cold thick morning 
fogs, I mentioned juft now, are often attended with 
a very light fmall rain j for we then fee the drops at 
their iirft formation, and they are fuch as are gene- 
rally met with in paffing over high mountains ; fo that 
it feems the drops of rain are very fmall when fixft 
formed in the clouds j but being driven about by the 
motion of the air, in their defcent, Ibme of them 
will probably touch each other, and run into a drop 
of a larger fize, and the farther they have to fall, 
the more will their lize be increafed before they 
come to the ground. And, for this reafon, the drops,, 
which fall from the higher clouds in futnmer, are 
found to be generally larger than they are in winter, 
when the clouds are low.. It has been likewife ob- 
ferved, that the drops of rain are remarkably large 
that fall in thunder (bowers j of which the reafon^ 
may be, that the lightning burfiing from a cloud,,, 
and expanding itfelf greatly, will fuddenly remove 
the air from its place,, which air, therefore, raufl re- 
turn to its place with great violence, and thereby the 
watery particles in the clouds will be ftrongly agi- 
tated and dafhed againft each other, by which means 
!hey will form themfelves into larger drops than at 
ether times ; or, perhaps it may be laid, that when 
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a cloud Is filled with lightning, which is the fame a:> 
the eleiftric matter, the watery particles, like other 
elcdirrified bodies, will repel each other, but being 
fuddenly deprived of this repelling matter, will by 
their mutual attraction come together again with 
fome velocity, and, therefore, will run into drops 
larger than ufual. 

When the wind blows from the fouth, it is gene- 
rally warm, and comes replete with aqueous va- 
pours, which it has difTolved j but coming into a colder 
climate, it cannot there keep the fame quantity of 
vapours diflblved that it did before, and confequently 
muft part with fome of them, and let them preci- 
pitate; and, therefore, foutherly winds generally 
bring us rain. On the other hand, when the wind 
blows from the north, or any point near it, as it is 
very cold, it cannot have diflblved. a great deal of 
aqueous vapours where it came from j and, therefore, 
coming into a warmer climate, it is ready to diflfclve 
more ; and, on this account, thefe winds, if they 
continue long, are found to be very dry and parch- 
ing, and are generally attended with fair weather. 

Thefe feem to be the principal effeds of beat and 
cold in caufing the air to diflblve, aud take up, or 
let go, and precipitate the aqueous vapours, and 
in confequence of which we fometimes perceive 
changes of the weather, even when there is no 
change in the height of the barometer. 

But condenfation and rarefadion will alfo have the 
like effeds in promoting the folution of water in air, 
or in caufing feme part of what has been diflblved 
to return again into water and precipitate. It feems 
rcafonable to fuppofe, that denfe air, in which the 
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particles lie very near each other, will be better able to 
diflblve and keep fufpended a greater quantity of water, 
than the fame air when difFufed thro' a greater fpace. 
But that this is really fo we have an experimental 
proof. For when a receiver is partly exhaufted, we 
lee the rarefied air begin to let go the water it con- 
tained, which gathering into fmall particles appears 
like fleam or fmoak falling to the bottom. In order 
to prove the fame thing by another experiment, I 
took from the air pump a large exhaufted receiver 
twenty inches long, having at the bottom a brafs 
plate, with a ftop-cock in the middle of it ; when 
the ftop-cock was opened, the external air, rufliing 
in violently, and being much rarefied, let go the wa- 
ter it contained, and threw it againfl: the other end 
of the receiver, where it ftuck on the glafs, and co- 
vered it with a thin dew, which I found to increafe 
until the receiver was almoft full of air. 

Thefe experiments prove that air, when rarefied, 
cannot keep as much water diflblved as it does in a 
more condenfed ftate. Hence we muft conclude, 
that when the atmofphere is much faturated with 
water, and changes from a denfer to a rarer ftate, 
the higher and colder parts of it efpecially, will 
begin to let go fome part of the water diflblved ; 
which will form new clouds, or add to the fize and 
number of the particles before formed, and thereby 
render them more apt to fall down in rain. On th« 
contrary, when the atmofphere changes from a rarer 
to a denfer ftate, it will then be able to ftop the pre- 
cipitation of the water, and again diflblve in the 
whole, or in part, fome of thofe clouds that were 
formed before, and confequently will render their 
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particles lefs apt to run into drops, and fall down 
in rain. And thus we generally find, by expe- 
rience, that the rarefied and condenfed ftates of the 
atmofpherc are refpedtively attended with rain and 
fair weather; though this does not happen at all 
times, for the air, though rarefied, may not then 
abound much with aqueous vapours, having already 
parted with a good deal of them ; fo likewife, when 
the air is denfe and heavy, it may then be much 
loaded with vapours, which will increafe its weight ; 
and indeed it muft be fo after a long continuance of 
fair weather, fo that we may then have rain even 
before the atmofphere changes to a rarer flate. 

Upon this principle I think we may account for 
the changes of the weather, which ufually attend 
the rifing and falling of the mercury in the baro-^ 
meter, better than by faying, that when the air 
grows rarer and lighter, it cannot by the laws of 
hydroftaticks fo well fupport the clouds and vapours, 
and therefore muft permit them to fall down in 
drops of rain ; for when the air grows rarer, although 
the clouds will defcend into a lower and denfer part 
of it, yet they will be there fupported ; and I do 
not fee why their particles (hould be more apt to run 
into drops there, than when they were higher up, un- 
lefs they received fome addition from the water de- 
pofited among them, by the rarefied air, in the 
manner I have jufl now mentioned. For fince the 
air is rarefied gradually, the clouds can defcend but 
very flovvly ; and, therefore, their particles will not 
be fo much prefled together by the refiftance they 
meet with in their defcent, as they generally are by 
the winds which blow upon them. 

When 
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When the atmofphere is much faturated with wa- 
ter, and grows colder or rarer than it was before, wc 
fhall then perceive the lower air begin to part with 
fomc of the water it contains, which will fall infen- 
fibly to the ground, or adhere to the walls of houfes, 
or other bodies expofed to it, and make them be- 
come damp and wet. And if the moifture fettles 
on the fmooth furfaces of cold bodies, fuch as mar- 
ble or other ftones, whofe pores cannot imbibe it, it 
will cover them with a kind of dew, and then thofe 
bodies arc vulgarly Md to fiveat. 

At this time the hygrometer being affeded by the 
moifture will point to wet^ and, as we perceive from 
thence, that the air is difpofed to part with the wa- 
ter it contains, we may generally expedl rain. But 
when the air again grows warm or denfe, it will be 
able again to diflblve, and take up the water it before 
depofited, and the moifture on the bodies expofed 
to it will difappear, the hygrometer will point to dry, 
and we may then promife ourfelves fair weather. 

I obferved before, that, if a bottle be filled with a 
very cold liquor, and expofed to the warm air, a 
dew will foon be formed on its furface by the moi- 
fture which the cold air depofites. Now if we fup- 
pofe this body ftill to retain the fame degree of cold, 
whilft the air paffes over it, the devv on its furface 
will continually increafe, and run down its fides in 
fmall ftreams of water. This feems to be exadlly 
the cafeof mountains, whofe tops reach into the colder 
.parts of the atmofphere ; and which, therefore, are 
themfelves colder than the air is in general. For when 
the wind blows the lower parts of the atmofphere 
(which are the warmeft and moft replete with va- 
pours) 
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pours) againft the fides of the mountains, being 
there flopped in its courfe, it muft neceffarily afcend 
and pafs over their tops. This air, therefore, will be 
confiderably cooled in its progrefs up the fides and 
over the tops of the mountains, and confequently 
muft let go a great part of the watery vapours it 
contains ; which will be precipitated in dew and 
moifture upon the furface of the mountain, where 
it will foak into the earthy parts, or infinuate itfelf 
into the chinks and crevices of the rocks, where being 
colle<5ted, it will afterwards break out in fprings and 
fountains, and become the fource of rivers, which 
are known always to take their rife in mountainous 
countries; and, on this account, we might have 
fmall Iprings and rivers near mountains, although 
there were neither clouds nor rain. But the moi- 
fture, which the air ufually depofites on the moun- 
tains, muft be confiderably increafed by the clouds, 
which are driven againft them, and accumulated by 
the winds, for their particles being then prefTed to- 
gether will run into fmall drops of rain. Befides, it 
is v^rell known, that mountains do gather and retain 
the clouds about them by their attradtive force, in 
confequence of which we often fee fome clcuds con- 
tinue at reft on the mountains, whilft the others are 
carried on gently by the wind ; hence it is, that 
countries, in the neighbourhood of high mountains, 
are the moft fubjed: to frequent rains. 

Thus I have fhewn how the afcent of aqueous va- 
pours, and their conftant circulation, by precipitating 
again in moifture, or drops of rain, will arife from the 
dilTolving power ofthe air, influenced by the viciflitude 
of heat and cold, rarefadion and condenfation. For we 
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find, by experience, that the heat and cold, which 
we feel, daes not either fo much rarefy, or lb much 
condenfe the air, but that the former may flill in- 
creafe, and the latter lelTen the evaporation of fluids. 
Nor, indeed, does the ftate of the atmofphere in 
general, as to rarity and denfity, depend upon the 
heat or cold we experience here below. Thefe 
caufes, therefore, according as they take place, in 
different degrees, will occafion thofe various ftates 
of the atmofphere, in refped to drynefs or moifture, 
which we experience in the feveral changes of the 
weather. To which the winds contribute very much 
by heating or cooling, condenfing or rarefying, the 
different parts of the atmolphere j and, by pro- 
moting the folution of water in air, as they mix 
thofe two fluids together, or when the air is already 
faturated with aqueous vapours, by prefling together 
the particles in the clouds, and thereby caufing them 
to run into drops. And thus, from the knownproper- 
ties of folution, we may account in a fatisfadory 
manner for the afcent and circulation of aqueous 
vapours, and the feveral phaenomena of the atmo- 
fphere arifing from thence, which is a great confir- 
mation of the argument brought to prove that eva- 
poration is only a particular fpecies of folution * ; 

* Some time after this eflay had been read at a meeting of 
the Royal Society, the author was informed that the Abbe 
Nollet (to whofe works he was then an entire firanger) had con- 
iidered evaporation as a kind of folution ; and, having lately look- 
ed into his leftures, he finds the Abbe offers it as a conjecture, 
that the air may -perform the office of a folvent and a fpunge in 
regard to the bodies it touches ; but this he does not prove, 
nor does he afterwards apply this principle of folution, in ac- 
counting for feveral phaenomena that depend on the nature of 
4 and» 
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and, therefore, that they both proceed from the 
fame caufe, to wit, the attradion that obtains be- 
tween the minute particles of different bodies, and 
which is the means of carrying on fo many other 
operations of nature. And, indeed, upon this prin- 
ciple, air feems better fitted to be a general fohent 
than any fluid we know of, becaufe its particles, not 
attra»5ling each other, are more at liberty to unite 
themfelves to the minute particles of other bodies, 
which they do attradt, and accordingly we find the 
atmofphere contains in it bodies of all kinds. 

The particles of volatile fpirits, which are fo 
eafily, and fo much rarefied by heat, feem to cohere 
very llightly together, and, therefore, may be more 
readily attrafted by the air, and evaporate more 
quickly than other fluids. The particles of odori- 
ferous bodies feem to be ilrongly attracted by the 
air, as they are fo readily difperfed through it, and 
camphor, which is a light volatile body, may be in- 
tirely diflblved in the air, without leaving any re- 
mainder. The air abounds with vitriolic and other 
acids, as is plain from the rafting of iron expofed 
to it. It abounds alfo with fulphurous, nitrous, and 
other inflammable particles, as appears by the frequent 
meteors kindled in it. In fhort, the atmofphere, as 



evaporation, but has recourfe to others of a different kind. 
Now as the Abb6's works have been fome years publiflied, it 
might be fufpeited that the author of this eflay had borrowed a 
hint from thence without acknowledging it, which would have 
been difingenuous : he, therefore, thinks himfelf obliged to de- 
clare, what is certainly true, that he has not here reprefented 
any thing as new, which he was confcious had ever been pro- 
poifed by any one before him, even as a conjetSure. 
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Dr. Boerhaave obferves, may be confidered as a 
chaos containing particles of all kinds of matter. 
And, here it may be obferved, that the feveral fluids 
that are diflblved- in the air, will probably affift in 
diflblving and taking up the fubtile effluvia, which 
are carried off from volatile bodies. The air, we find, 
is neceflary for the prefervation of animal life ; but 
when it has palTed two or three times through the 
lungs of an animal, it becomes unfit for refpiration, 
and an animal inclofed in fuch air will foon expire ; 
whether the air we breathe depofites in our lungs any 
kind of matter neceflary to the fupport of life, I can- 
not pretend to judge. But I think we may be fure 
that one purpofe for which air was defigned, is the 
carrying off that moifture, and other perfpirable 
matter, which conftantly exhales from the lungs. 
Now as air lofes nothing of its elafticity, by paffing 
through the lungs, it will ftill continue fit for fuch 
purpofes, in the animal oeconomy, as may be anfwer- 
ed by the alternate expanfion and contradion of the 
lungs in refpiration. And, therefore, I believe that 
air is rendered unfit for refpiration, chiefly by being 
faturated with that moifture, and other perfpirable 
matter, which it meets with in the lungs, and 
thereby lofing its power of diffolving, and carrying 
olF any more of that kind of matter, which will then 
continually increafe and clog the lungs, fo that an 
animal inclofed in fuch air will die, perhaps fome- 
what in the fame manner, though not fo quickly as 
if it had been drowned. 

Does it not feem probable that, in the conftant 
nnd quick evaporation of moifture from the lungs, 
lonae degree of cold may be produced, as it is in 

other 



[ -^7Z ] 
other evaporations, which, together with the frefh air 
taken in, may ferve to cool the lungs, and the blood 
paffing through them * ? 

* As air, even when incorporated with water, does not lofe 
Its elaflicity, I took it for granted, that it would not become 
lefs elaftic by paffing through the lungs of an animal. But being 
told, that the contrary opinion was held by fome, who fuppofed 
that air, having paiTed through the lungs of an animal, became 
unfit for refpiration by lofing its elafticity, I refolved to try how 
the faflr was, by the following experiment. In a receiver eight 
inches diameter, and twelve inches high, having under it a foft 
piece of oyled leather, I included a pretty large chicken, and tied 
the receiver clofe down to the table j through a hole in the top 
of the receiver went a glafs tube, open at both ends, cemented 
round the hole with wax, the lower end was immerfed in water 
(tinged blue) which flood in a glafs under the receiver. In 
about an hour after the chicken was included, it grew very much 
diftrefled, gaped wide, and breathed with great difficulty, and 
in half an hour more it feemed almoft ready to expire ; the 
infide of the receiver was then covered with moifture, which in 
fome places ran down in drops. Now if the included air had 
loft any of its elafticity by paffing through the lungs of this ani- 
mal, it could not have prefled (o ftrongly on the water in the 
glafs as it did at firft, and then the external air would have 
prefted through the tube, and appeared coming tip through th^ 
water in bubbles j but no fuch thing happened, for as foon as 
the receiver was tied down, the water in the tube rofe about one 
fifth of an inch above the water in the glafs, and fo continued 
during the whole time of the experiment, except that it rofe 
and fell near one tenth of an inch every time the chicken breath- 
ed ; and thefe vibrations of the water in the tube, I obferved 
grew flower, and moved through a -greater fpace towards the 
latter end of the time j which fhewed that the chicken then 
took in more air every time it breathed than it did at firft. After 
things had ftood thus above an hour and a half, and thofe who 
faw the experiment were convinced that the included air had not 
loft any of its. elafticity, though grown quite unfit for refpira- 
tion, the animal being ready to expire in it, I thought it unne- 
ceflary to confine the chicken any longer, and it foon recovered,i 
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Air Is riot lefs neceflary for the isjpport of fire 
than of animal life, for fire will not long conti- 
nue to burn without a circulation of frefh air, which 
I fuppofe happens not from its adding any thing to 
the pabulum of fire (for that feems unneceflary) 
but rather on this account. The air immediately 
about a body on fire, is heated and made fpecificaliy 
lighter than the air at fome diftance from it. This 
hot air mufi:, therefore, afcend and carry with it all 
thole minute particles of different kinds, which are 
thrown ofi^ from the burning body, and which other- 
wife would reft upon its furface, and thereby clog 
and flop thefubtile vibrations of the burning matter, 
in which the nature of fire partly confifts. If, 
therefore, fire be confined in a clofe place, where 
there can be no circulation of frefh air, the air about 
jt being foon faturated, with the particles arifing from 
the burning matter, will not be able to take up any 
more of them, and, therefore, the fire muft go out 
fmothered as it were" in its own afhes. And hence 
it is, that fire burns fafter when air is ftrongly blown 
upon it ; for this air carries off the alhes as fall: as 
they are formed on the furface of the burning bo- 
dy, and thereby keeps thofe particles that have juft 
taken fire quite free from any thing that can impede 
or clog their vibratory motion. This air will alfo 
fpread the fire quickly through the fuel, by blowing 
the particles that are already kindled amongft them 
that are notj and, perhaps, the motion of the air 
may promote thefe fubtile vibrations in the burning 
matter, by which the fire is propagated through its 
parts. 

Though 
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Though the particles of fluids, in common evapo- 
ration, are raifed into the atmofphere, by the at- 
trailing and diflblving power of the air, yet in fome 
particular cafes vapours will rife into the air on an- 
other account ; for in fome places the earth often 
fends forth hot elaftic vapours tlaat rife into the air 
by means of their elaflicity, and carry with them 
mineral particles of different kinds. Fermentation 
generates elaftic vapoftrs, which expand themfelves 
into the air. And the particles of water, when 
fufficiently heated, acquire a repelling force, which 
feparates them from the furface of the water, and 
throws them upwards into the air. But all thefe 
vapours foon lofe that elaftlcity by which they were 
firft raifed, and they are then retained, and kept 
fufpended in the air, by the fame power that keep 
fufpended all thefe vapours that rife without any 
elafticity in common evaporation. That the parti- 
cles of fteam, which rifes from hot water, are en- 
dued with a repelling force, appears plainly when 
water is boiled in a clofe veflel j for then the fteam 
becomes fo exceedingly elaftic, that, unlefs proper 
caution be ufed, it will burft the ftrongeft veflel. 
In this cafe the boiling water, being ftrongly prefl"ed 
by the force of the included fteam, conceives a much 
greater heat, than it will do in an open veflTel -, for 
even when water is boiled in the open air, it is fome- 
what hotter when the atmolphere is heavy, than 
when it is light, which ftiews that preflure, upon 
boiling water, increafes its heat j the reafon of which 
we fliall fee prefently. 

But the moft remarkable phsenomenon that at- 
tends the boiling of water, is thofe large bubbles 

which 
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which continue to rife from the bottom whilft even 
the water boils, and long after all the air is driven 
out of it. Dr. Boerhaave, in his Elements of Che- 
miftry, part II. has proved, by feveral arguments, 
that thefe bubbles do not arife from air ; and with 
regard to their produdtion, he feems to be of the 
fame opinion with Stairs (to whofe work he refers) 
that they arife from feme adtive fires refiding in the 
water. Mariotte, whom he alfo mentions on this 
occaiion, calls thefe bubbles fulminations, and fup- 
pofes that they may arife from fome faline particles 
contained in the water, which being heated adt in 
the fame manner with the aurum fulminans. I find 
it is a received opinion (but how generally I cannot 
tell) that thefe bubbles are occafioned by fome fub- 
tile clartic fluid, tranfmitted from the fire through 
the bottom of the vefiel. However, I conceive that 
the fluid fo fubtile as to pafs readily through the 
bottom of the veffel, would pafs alfo through the 
water fo eaiily as not diflurb it j and, therefore, I 
have for fome time fufpected that thefe bubbles are 
ibrmed only by an elajiic Jleam, in the manner I 
Ihall now defcribe. The particles on the furface of 
the water long before it boils, will, by means of 
the repelling force, which the heat introduces amongft 
them, rife in fleam, and will iniinuate themfelves 
into the air, which yields eafily to them ; but thofe 
particles that are preffed againft the bottom, by the 
weight of the atmofphcre, and of the incumbent 
water, will require a great degree of heat to render 
them fo elafl:ic, that they (hall be able to overcome 
this refiftance, and expand themfelves into a greater 
fpace. Now fince heat expands water, and makes 

its 
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its particles repel each other according to its different 
degrses, we may reafonably fuppofe that thefe particles, 
from their being in contact with the bottom of the 
veflcl, may, at length, acquire fuch a degree of heat 
as will give them a repelling force fufficient to over- 
come the preffure they fuftain, and expand them 
fuddenly into thofe large bubbles that afcend through 
the water when it boils violently. I have lately 
made fome obfervations and experiments, which 
feem very much to favour this opinion. TheTc 
bubbles, which afcend from the bottom, I obferved 
always grow lefs before they reach the furface, and 
thofe fmall bubbles, which adhere to the bottom, 
for fome time before they afcend, often difappear 
intirely before they reach the furface j which fhews, 
that when the matter they contain, or any part of 
it, lofes the heat it had at firit, it is turned into wa- 
ter. When water, that has juft boiled, is poured into 
a glafs, and fet under the receiver of an air pump, and 
the air is almoft drawn out, the water appears to 
boil more violently than it does on the fire ; and 
the bubbles do not all rife from the bottom, but 
break out from other parts of the water, eipecially 
towards the middle, where we may fuppofe it hotteft. 
In this cafe no fubtile fluid can be fuppofed to rife 
through the bottom of the veflH j but the heat, 
which the water retains, will give its particles an 
elaftic force fufficient to overcome the preffure of 
what little air remains in the receiver, and expand 
them into bubbles j and that thefe bubbles are 
corapofed of fteam appears plainly from this expe- 
riment, for as foon as they begin to afcend, the re- 
ceiver is filled with fteam, which being condenfed 
Vol. L7, A a by 
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by the eold, runs plentifully down its fides in water. 
After a veflel of water had boiled till all the air bub- 
bles were driven out of it, I turned upon its mouth 
a large glafs that lay in the water j the bubbles that 
afcended under the glafs remained in the upper part 
of it, and forced out the water it before contained, 
and then the elaftic matter in the glafs overturned 
it, againft the fide of the vefifel, and burfting out 
afcended to the top in one large bubble, upon which 
the ftcam on the furface appeared to be much in- 
ereafed. Now this fliews that the matter contained 
in thofe bubbles, which is quite tranfparent, being a 
very rare and homogeneous fluid, appears afterwards 
like fteam when it is mixed with the air. But I 
thought I Ihould make a more decifive experiment, 
if I could obferve the effeds of very hot fteam con- 
veyed under boiling water. Therefore when an 
aeolipile had boiled till the air was all driven out of 
the water it contained, without taking it off the fire, 
I immerfed its pipe into a veflel of water which had 
juft been boiled, and immediately the fteam, which 
ifliied from the pipe, rofe up in very large bubbles 
through the water, and made it fcem to boil violently. 
Then I held a large glafs of cold water, fo that the 
pipe of the boiling aeolipile was immerfed into it. At 
firft none of thele large bubbles appeared ; for the 
fteam being then condenfed by the eold water, was 
mixed with it, making a very uncommon noife; 
but as foon as the water in the glafs grew very hot 
this noife ceafed, and the fteam being no longer 
condenfed rofe in large bubbles, and made the wa- 
ter appear to boil with great violence. 

Thefe 
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Thefe obfervations and experiments feem to difco- 
ver to us fully the nature of thofe bubbles that 
afcend through boiling water. And from hence I 
think we may leam the reafon why any fluid, in an 
open veffel, will acquire only a certain degree of 
heat when it boils, and will not grow hotter after- 
wards'; and why different fluids will acquire different 
degrees of heat in boiling ? The parts of the fluid 
nearefl the bottom grow hot at firfl, and being then 
expanded and made lighter, they afeend and change 
place with the colder and heavier parts (which 
oceqfions that intefiine motion we perceive in liquors 
•while they are growing hot) -, and thus the heat 
erf the whole will increafe, until thofe particles, 
that arc in contaft with the bottom of the veflcl, 
acquire fuch a degree of heat as will give them 
a repelling force able to overcome the weight 
of the atmofphere, the weight of the incumbent 
fluid, and the tenacity of its particles; and then 
they will be fuddenly expanded into bubbles of 
flean^, and afcend quickly to the top, without com- 
municating this heat to the furrounding fluid: for 
as thefe bubbles have a degree of heat but little- fu- 
perior to that of the fluid, and jufl fufBcient to keep 
them expanded, if they were to lofe this heat, by 
communicating it to the fluid in their afcent, they 
would all dlfappear before they got to the furface ; 
or if the whole fluid was to grow as hot as the bub- 
bles, it would, like them, be Sll turned into elaflic 
fleam -, and, therefore, the fluid itfelf cannot grow 
hotter than when thefe bubbles began to afcend. 

That thefe bubbles are really hotter than the other 
parts of the fluid I found by the following experi- 
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ment. A tin veflel, about nine inches in diameter, 
was fet on the fire, fo that the water on one fide only 
boiled violently, but the motion arifing from thence 
made all the water circulate through the veflel j and, 
therefore, all the water (after the veflel had boiled 
for fome time) muft have acquired the fame degree 
of heat. I then held a mercurial thermometer, with 
Fahrenheit's fcale, under the water i where it was 
juft out of the reach of the bubbles, it rofe there 
no higher than to 2 1 1 j but when it was held among 
the bubbles, where they afeended thickefl:, it rofe 
to 212, which is ufually reckoned the mean heat of 
boiling water, though it feems rather to be the heat 
of the fteara contained in the bubbles j and, there- 
fore it is fomewhat greater than the heat which wa- 
ter will bear without being turned into fteam. The 
beat of the water was not then fo great as it fome 
times is, for the atmofphere was then very light, the 
barometer {landing at 29, 

From what has been faid, it follows, that the de- 
grees of heat necefliary to raife thefe bubbles in any 
fluid, and make it boil, will be greater as the fluid 
is more ftrongly preffed, and as its particles are more 
tenacious or vifcid. And this we find is exadly 
agreeable to experience. For fpirit of wine, which 
is a fluid very light, eaflly rarefied, and in no degree 
vifcid, will boil with a lefs heat than water does; 
But mercury, whofe particles are heavier, and oil or 
pitch, whofe particles are more vifcid, than thofe of 
water, will require a much greater degree of heat to 
make it boil than water does. And it is known, 
that water boiled in a elofe veflel, where it is ftrong- 
ly prefled by the confined elafliic fleam, will become 
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much hotter than when boiled in the open air ; Co 
that if the clofe veflel fhould burft, or be opened 
fuddenly, I doubt not but the whole body of the 
water would immediately expand itfelf into fteam, 
and fly out of the veflel with great violence. 

I know not whether thefe experiments, and tihe 
obfervations founded upon them, will appear new 
to you as they did to me ; fuch as they are, I fub- 
mit them to your confideration j and am, 

S I R, 

With great relpeftj 
Your moft obedient 

Humble fervant,. 

'^"SrSf 5!^'76^5"^""' K"g^ Hamiltoia.. 
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